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The metal-catalyzed hydrogen-transfer reaction between two Scheme 1

. . . I M] —— RCHO + [M]H.
organic substrates has attracted considerable attention because it is (0 RCHOH + M Mtz

an energy-saving and environmentally friendly prode$sThis e A (Ao
reaction avoids the use of conventional oxidants and reductants. @ ﬂz R g+ PrcHo
Several hydrogen-transfer reactions have been shown to be useful
in organic synthesis, and notable examples include the asymmetric @ —{_ — — N
hydrogenation of ketones and imines from formic acid or 2-propanol
using chiral rutheniufA®22.and aluminum catalystsDespite their Scheme 2
synthetic importance, the scope of metal-catalyzed hydrogen-transfer m__ MR Ko R

. . . . . . - 0,
reactions is rather limited. Many of them deal exclusively with the Lc Hys DOE 80°C, :
hydrogenation of a €X (X = CR,, NR, O) or G=C bond by R=Ha). reactants  Xmol% yields

. e . TBS (1b) 1a + 2BnOH 80 N.R
alcohols and formic aci8:* An accepted mechanism of these Metlo) o b+ 280OH 80 MR
catalytic reactions is shown in eq 1 (Scheme 1). We report here a pMeOCH,CH, (e} 1o * 2BnOH 80 2(53%) PHCHO (51%)
. . T . = 1d - 8.0 2(83%} PhCHO (81%)

new ruthenium-catalyzed reaction to effect the efficient conversion lRul-(TgSu;j)h > e  _ so 261%

. . 3! 2FPFe L %
of various 3-benzyl but-1-ynyl ethers to 1,3-butadiene and benzal- o p DT ofaCHO 83%)
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dehyde (eq 2). Th.e direct synth§5|s of bu.tadlene derlvgtlves from ' \cp, @ C4Hg+<_nc )
but-1-yn-3-ol and its analogues is synthetically challenging and to + 2BnOH 19 e

the best of our knowledge has not yet been described. This

. . . L . . Table 1. Catalytic T f ti f 3-B | But-1-y-nyl Ethers?@
transformation is normally achieved by stoichiometric LiAIH avle alalylic Transformation o enzyl Bub-y-nyl =thers

diene and diene and

reductiol¥ or hydrogenation on Lindlar catalysto give allylic reactant PhCHO (BA)™ reactant PhCHO (BA}
alcohols, followed by a tedious dehydration at elevated tempera- = 15 (75%) 22 69%)
. . . . CisHz = - (8) A 3
tures? The mechanism (based on the results of the isotopic labeling m 37_g1 Cotes R 3 % /:onz BR i
experlment) of th!S new catalytic _reactlon appears to be |r_1terest|ng.. @ e ﬁ/_ oz | 7V° ., /%0 ] 0%
We first examined the catalytic transformation of various but- 4 BA (80%) m_ BA (77%)
1-yn-3-ol derivatived a—1ewith TpRuPPB(CH:;CN),PF; catalyst ® Phe oy Me>=/= AN B

E/Z=8 4

to study the structural effect of the substrates. This catalyst was L A i ;.&— E :7:1//
prepared directly by heating TpRu(PJHT! with LiPFgin CHsCN 8 ) DgOB” g{ mema | OO0 D)
]

The reaction was performed with ruthenium catalyst (8.0 mol %)
in dichloroethane (80C, 12 h, la—1€] = 1.5 M), and the results S)Ph 2 _

19 (70%) | (1) BnO
gzeze | _o—he N B
BA (76%)

INTS _/—NTs BA (83%)

are summarized in Scheme 2. No products were found for the Bn 20 (64%) .

alcohol 1a and silyloxy derivativelb in the presence of benzyl ‘S)Ph{;})—: J/_/j BAG0 |12 oy opy = zsb o
alcohol (2.0 equiv) with exclusive recovery of unreacfiedand __ o8n T | gz,
1b. A similar treatment on the methoxic gave the dien@ (E/Z ™ § 13:5’157?71%) Q O @% ) &
= 6.0, 53%) and benzaldehyde (51%), and 38% of unreabted i @ °

was recovered. The yleld§ O.f. dieri .(83%’ E/z = 6.0) and a Conditions: (a) 8.0 mol % catalyst, 8@, 12 h (entries +11); (b) 15

benzaldehyde (81%) were significantly improved when benzyl ether 1, o4 catalyst, 83C, 48 h; (c) the yields of diene and benzaldehyde were

1d was used along-Methoxybenzyl ether derivativée is even reported after separation on a silica column.

more reactive and less catalyst (5 mol %) sufficed for the reaction.

In the reaction involving enynéf and benzyl alcohol (eq 2), a  (80°C, 48 h). The yields of diene products and benzaldehyde were

black tar and small amount of benzaldehyde (5%) were formed calculated after purification from a silica column. Entries 1 and 2

with complete consumption of enyié showing a weak indication ~ shows two examples of the syntheses of dietieand 16 bearing

of transfer hydrogenation. The disubstituted alkynyl derivatige & CisHz7 and phenyl group, respectively, in yields of 75 and 72%.

was recovered in 92% under the same catalytic conditions. This catalytic approach was also applicable to the efficient synthesis
Table 1 shows various benzyl but-1-ynyl ethers that were (78% yield) of trisubstituted dien&7 (entry 3) with an isomeric

catalyzed by TpRUPR{CHsCN),PF; catalyst. The reactions were ~ ratio of E/Z = 5.6. Similarly, the outer dien&8 (entry 4) was

performed with 8.0 mol % of the catalyst with heating in Obtained in 58% yield. We prepared the substrdtead8 bearing

dichloroethane (1.5 M, 80C, 12 h) except for entryL2 which an alkene and alkyne group, respectively (entries 5 and 6). The

involved a higher loading of catalyst (15 mol %) for a longer time corresponding dienek9 and 20 were produced smoothly without

hydrogenation of the saturated carbaarbon bond by the benzyl

* To whom correspondence should be addressed. E-mail: rsliu@mx.nthu.edu.tw. group. This catalytic system also worked well for diéigbearing
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Scheme 3. Labeling Experiment for Hydrogen-Transfer Reaction

deuterated sample products

CD,CeDs 0\_/:;\1 CrHis

1d CgHiz

OCH,CgHs ;<:',:’

Cus
(a) 0 equiv PhCH,OD
(b) 1.0 equiv PhCH,OD

deuterated sample

OCH

products

2CeHs 0 94D

S

o ® CoHus

i
v

1d  CgHyr

CrHis

(2 OCH,CeHs CoHis

D

L

0 65D
0. 4OD

}ﬁ

[ ToLRu H yt

/
H WH .
=4
r TpLRu

ER

14 CDLitis
X=056D

X=076D

Scheme 4

+

TPLRU%I
s * R

A PhCHOH

TpRULS
-

S

0O—Bn

R

+
H +2S

+
TpRuULS, R

a ketone group. It also works well for dien28and23 comprising

a dioxolane and a 2,2-dimethyloxolane group respectively; the yields
were reasonable (6869%, Z/E = 6.3—8.4). The acidic fluorenyl
proton of compound2 did not inhibit the catalytic reactivity, and
the diene24 (81%) was also produced smoothly. A nitrogen-
containing diene25 was obtained in 70% yield following this
catalytic protocol. A higher loading of catalyst (15 mol %) was
used to complete the reaction with compouddethered to a nitrile
group, and the yield of the corresponding di@%ewas 52% after
workup.

Scheme 3 shows the results of deuterium-labeling experiments
to elucidate the reaction mechanism. Deuterium migrations of ether
1d to the diene2 proceeded regiospecifically. The-Cis-proton
of the diene arose primarily from the benzyl €protons of the
diene 1d (entry 1). The terminal acetylene proton @8l was
transferred to the £proton of the diene with 56% deuterium content
(entry 2a). In the presence of one equimolar amount of RBRTCH
the deuterium content of this proton was increased to 76%. The
site of the G-proton was unchanged after the reaction (entry 3).
We also preparetid bearing a deuterated,&nethylene group, and
a deuterium was found mainly at the-Giene and partly at the
C,-proton, whereas the remaining deuterium could not be found at
one specific diene proton exclusively, including the-t@ns
position?

On the basis of the results of deuterium experiments, we propose
a plausible mechanism that involves the formation of rutherium
allenylideniumA® which undergoes transformation into a more
stable Fisher-carbeniuBi112The benzyl group oB was activated
by ruthenium after dissociation of its second £, yielding
speciesC bearing an oxonium group, which further induces
ionization of its G-hydrogen to lead to the formation of ruthenium
hydride species bearing an alkenyl vinylidenium spebieldydride
insertion at the @carbon forms a 1,3-butadien-1-yl species.
Decomplexation of this species with a proton andsCN regener-
ates ruthenium catalyst and diene. This mechanism accounts for
the results of deuterium-labeling experiment except for the result
in entry 3. In this case, deuterium is expected to be located in the
C;-trans position of dien@. This discrepancy may be due to the
proton exchange with diehand benzene protons or residue water
at reaction condition (80C, 12 h) (Scheme 4).

A useful application of this ruthenium catalyst is to transform
the cyclic alkynyl ethe27 into the functionalized dien28 (93%

yield) under mild conditions (10 mol %, 8, 12 h). The driving
force for easy cleavage of the ether ring2ifis the formation of
ruthenium-allenylidene intermediateé which subsequently under-
goes hydrogen transfer from its tethered alcohol to the allenylidene

functionality.
CHO
D2, e O |~
27 28 (93%)

In summary, we report a new catalytic reaction involving a
tandem dealkoxylation and transfer hydrogenation. The mechanism
of this catalytic reaction was examined by deuterium experiments.
This catalytic reaction is synthetically useful because it tolerates
some oxygen and nitrogen functionalities. Further modification of
the catalyst and the application of this reaction are under investiga-
tion.
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10 mol%
[Ru-CH3CN

[Ru] = TpRU{PPh3)(CHCN)*

Supporting Information Available: Experimental procedures for
the syntheses and spectral data of new compoliadée2—28 (PDF).
This material is available free of charge via the Internet at http://
pubs.acs.org.
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